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(57) ABSTRACT 

A method and apparatus for the production of a workpiece 
of exact geometry and high surface quality; such as; for 
example; a forming tool; are disclosed. Preferably computer 
controlled, the apparatus follows the method of the inven 
tion to produce the workpiece by radiation and compacting 
of nX successive layers of powdered starting material, each 
subsequent layer being formed on the uppermost surface of 
the previously formed layer. Following the radiation and 
compacting of each layer; at least one of the vertical lateral 
faces of the layer and of one or more underlying layers; all 
of which are surrounded by excess powdered starting mate 
rial throughout the process, are mechanically ?nished; for 
example by a hobbing process or a peripheral grinding 
pI‘OCCSS. 
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METHOD AND DEVICE FOR PRODUCING A 
WORKPIECE WITH EXACT GEOMETRY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of International 
Patent Application Number PCT/EP01/06476 (pending), 
?led Jun. 7, 2001 and claims priority from German Patent 
Application Number DE 100 28 063.3, ?led Jun. 6, 2000. 
The entire content of the prior applications is incorporated 
herein by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to a method for the produc 
tion of a Workpiece, for example, a forming tool, of exact 
geometry and high surface quality, by the successive com 
pacting, for example, by means of electromagnetic radiation 
or particle radiation, of poWdered starting material that is 
applied in layers, and by the subsequent mechanical ?nish 
ing of the surfaces, as Well as an apparatus for the production 
of such a Workpiece. 

BACKGROUND OF THE INVENTION 

[0003] A method of the afore-mentioned type is knoWn 
from German Patent Document DE195 33 960 C2. Accord 
ing to the prior method, one material layer is applied on a 
base in the form of a trace and is subsequently fused or 
compacted, respectively, by means of a laser beam. Subse 
quently, a second layer is applied and compacted, and so on, 
With the number of the layers applied and compacted by 
means of a laser beam depending on the desired height of the 
Workpiece. On applying a neW layer, the neW layer alWays 
combines With the surface of the layer applied before. The 
poWder-metallurgical production of the Workpiece is fol 
loWed by a ?nishing of both the lateral faces and the upper 
surface by Way of a cutting process. Additionally, according 
to this method, non-melted starting material is continually 
removed from the Work area by bloWing or sucking it off. 

[0004] With this method, comparatively short production 
times can be achieved for exactly dimensioned Workpieces 
When the radiation device and the mechanical processing 
device are computer-controlled. There is, hoWever, a sig 
ni?cant problem associated With this method in that the 
edges of the Workpiece produced, i.e., the lateral faces, a 
non-uniform material consistency is generated and porosi 
ties in the material may occur. As a solution to this problem, 
the suggests fusing the material beyond the desired contour 
dimension and removing the distinctly projecting edges of 
the Workpiece during the subsequent mechanical ?nishing. 
While this is an effective solution, it signi?cantly increases 
Working expenses, both With regard to the Working time and 
tool costs. 

SUMMARY OF THE INVENTION 

[0005] It is therefore an object of the present invention to 
provide a method and an apparatus for producing a Work 
piece of exact geometry, Wherein the mechanical surface 
?nishing is minimZed With respect to the amount of material 
having to be removed, and Wherein an excellent surface 
quality, for example, as is especially required for forming 
tools, is simultaneously achieved. 
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[0006] In accordance With the principles of the present 
invention, during the production of the Workpiece, it is 
surrounded poWdered starting material. Preferably, this is 
achieved by applying the poWdered starting material in 
layer-thickness on a base over an area that exceeds the outer 
contour of the Workpiece, and by effecting the poWder 
compaction in traces, With the trace Width corresponding to 
the sphere of action of a radiation beam. In this Way, it is 
possible to adjust the material properties in the outer contour 
edge of the Workpiece by means of an exact control of the 
compacting beam. The radiation beam may, for example, be 
an electromagnetic beam or a particle beam. 

[0007] It is Well-known that the proportion of molten 
phase of the starting material increases With increasing beam 
poWer or energy supplied per area unit, resulting in 
increased compacting of the material and improved 
mechanical properties. In the edge or vertical lateral faces of 
the Workpiece, hoWever, this increased compacting of the 
poWdered material Will also lead to increased porosity and 
thus, to a material structure that does not, despite subsequent 
mechanical ?nishing, yield the high surface quality desired 
in the Workpiece. 

[0008] According to a preferred embodiment of the 
present invention, the edge areas of the Workpiece are 
compacting by repeated radiation of the same poWder layer, 
and poWder from the surrounding poWder bed may, in a 
subsequent radiation, be compacted in the contour edge area 
of the Workpiece in a minimal thickness at loW beam 
intensity, and minimal subsequent mechanical ?nishing Will 
be required. The ?rst radiation is preferably performed at a 
high energy density such that the sphere of action of the 
radiation extends just inside and along the ?nal contour line 
of the Workpiece and the second radiation is staggered 
outWard from the ?rst radiation and covers the ?nal contour 
line of the Workpiece. 

[0009] It is of particular advantage that the mechanical 
?nishing of the vertical lateral faces of the Workpiece is 
performed in surrounding poWdered starting material. In this 
manner, the surrounding poWder may be used as an abrasive 
material, as Well as a ?lling agent, for addressing any 
remaining porosity in the lateral faces. The loose poWder 
particles can ?ll in any open pores by cold Welding and can 
operate as an abrasive material for removing any projecting 
poWder particles that have already been compacted by the 
energy beam. Accordingly, minimal mechanical Working 
depths are thus suf?cient, Which again alloWs for high feed 
rates. These bene?cial effects of the surrounding loose 
poWder are achieved in a particularly advantageous manner 
When the mechanical ?nishing process is a hobbing or a 
peripheral grinding process. 

[0010] Afurther improvement in the surface quality of the 
Workpiece may be achieved, Without increasing the neces 
sary Working time, by applying the mechanical ?nishing 
process not only to the last applied layer (layer n), but also 
to a plurality or all of the underlying layers (layer n to layer 
nX). The end result is that the vertical lateral face of each 
layer is mechanically ?nished several times, providing a 
superior lateral surface of the ?nished Workpiece. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The method of the present invention may be 
explained With reference to the accompanying draWings, 
Wherein: 



US 2003/0062655 A1 

[0012] FIG. 1 is a schematic illustration of an apparatus 
according to the invention for performing the method 
according to the invention; and 

[0013] FIG. 2 is a top plan vieW of a Workpiece to be 
manufactured With a schematic illustration of the poWder 
compacting and the mechanical ?nishing. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0014] FIG. 1 depicts an apparatus of the present inven 
tion, for the production of a Workpiece 1 according to a 
method of the present invention. According to the method, 
poWdered starting material 3 is applied at a predetermined 
thickness on a Work table 5 that is vertically movable 
according to arroW 27, by means of a lifting device 7, Which 
is computer-controlled by a control device 11. The thickness 
of the starting material for the ?rst layer equals the thickness 
of layer n, subsequent volumes of poWder Will be applied at 
a thickness equal to layer n1, layer n2, as illustrated, and 
through the desired number of layers The surface area 
covered by the poWdered starting material Will eXceed the 
desired ?nal contour of Workpiece 1. 

[0015] As seen in FIG. 1, the apparatus of the present 
invention also includes a processing unit 20, Which is 
constructed such that it is vertically and horiZontally mov 
able over Work table 5, according to arroWs 27 and 29; the 
movement of processing unit 20 is also computer-controlled 
by a control device 11, as is the vertical movement of lifting 
device 7. Processing unit 20 comprises a radiation source 6; 
a guiding device, depicted in the illustrated eXample as one 
or more mirrors 8, Which are actuated by an actuating unit 
10, and direct the beam 18 emanating from the radiation 
source 6, by means of a tWo-coordinate control on Work 
table 5, Which is in correspondence With the contour of the 
Workpiece being produced; and a processing device 2 for 
mechanical ?nishing. 

[0016] In the embodiment illustrated in FIG. 1, processing 
device 2 is a milling tool, operatively connected to drive unit 
9, Which is also controlled by computeriZed control unit 11. 
Milling tool 2 performs a hobbing process to mechanically 
?nish at least one of the vertical lateral faces of Workpiece 
1. Additionally, a dressing bar 4, may be mounted on a loWer 
horiZontal surface of processing unit 20, and can operate to 
maintain poWdered starting material 3 at a constant layer 
thickness through the transverse movement of processing 
unit 20 relative to Work table 5. In a further embodiment of 
the apparatus, dressing bar 4 may be designed to also operate 
as a feeding device for the application of poWdered starting 
material 3. 

[0017] After the ?rst layer of poWdered starting material 3 
has been applied to Work table 5, the material is compacted 
in a desired trace by controlled movement of radiation beam 
18, and optionally, by the relative movement of processing 
unit 20 to Work table 5. FolloWing the radiation and com 
pacting of the poWdered starting material, milling tool 2 
mechanically ?nishes the lateral edge of the ?rst compacted 
material layer, through the movement coordinates corre 
sponding to the ?nal contour of Workpiece 1 being produced. 

[0018] FolloWing the completion of the ?rst layer, a sec 
ond layer of poWdered starting material 3 is applied to the 
upper surface of the compacted ?rst layer and undergoes the 
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same radiation and compacting steps as the ?rst layer. 
FolloWing radiation and compacting of the second layer, 
milling tool 2 is adjusted in height such that at least the tWo 
most recently compacted material layers Will be ?nished 
laterally by milling tool 2. The processing device, depicted 
in this embodiment as milling tool 2, may be further adjusted 
such that several or all of the compacted layers may be 
mechanically ?nished simultaneously. As this aspect of the 
invention Will require an increase in the tool shaft length, 
depending upon the number and thickness of layers being 
produced, it may be desirable to limit the number of layers 
being simultaneously ?nished. 

[0019] After radiation, compacting and lateral ?nishing of 
each individual material layer has been completed, a sub 
sequent layer of poWdered starting material 3 is applied to 
the upper surface of the topmost layer, for eXample, by Way 
of dressing bar 4, or other type of poWder-feeding device. 
This successive layering of compacted starting material is 
repeated until the desired number of layers (nX) have been 
produced. 

[0020] After the production of each successive compacted 
layer, Work table 5 is loWered by one layer-thickness by Way 
of lifting device 7. 

[0021] Through the tWo-coordinate control of the com 
pacting beam and, Where appropriate, of the processing unit 
20, very compleX and intricately shaped Workpieces, for 
eXample Workpieces having very deep cuts or grooves, may 
be produced. 

[0022] The top plan vieW of FIG. 2 illustrates the gen 
eration of the edge area of a Workpiece having a substan 
tially rectangular contour, as depicted by line 14. In order to 
obtain a high surface quality of the lateral contour surfaces 
of the Workpiece, the edge area of Workpiece 1 may be 
repeatedly radiated. 

[0023] According to one embodiment, a ?rst radiation, 
corresponding to trace 16, is performed at high energy 
density, With the sphere of action of the radiation, i.e., the 
trace Width, extending inWardly from contour line 14. A 
second radiation, corresponding to trace 17 and preferably 
performed at a loWer energy density, is staggered outWardly 
from the ?rst radiation and covers contour line 14. Com 
pacting trace 17 is distinctly narroWer than ?rst trace 16. 
Due to the loW energy density of trace 17, it only has to 
minimally eXtend beyond contour line 14, to achieve a very 
high surface quality of the lateral face by the subsequent 
hobbing process performed by milling tool 2. Similar 
repeated radiations may also be employed to achieve narroW 
grooves or depressions in the central area of Workpiece 1. 

[0024] FolloWing the completion of the ?nal and upper 
most compacted layer of starting material, mechanical ?n 
ishing of the cover face(s) of Workpiece 1 may take place. 

[0025] The present invention has been described in detail 
by reference to speci?c embodiments that are provided for 
illustration only, and the invention is not intended to be 
limited thereto. The person of skill Will readily recogniZe 
various modi?cations and alterations that do not depart from 
the spirit and scope of the folloWing claims. 
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We claim: 
1. Amethod for the production of a workpiece, the method 

comprising: 
a) forming a plurality of substantially horiZontal succes 

sive layers of compacted powdered starting material, 
the ?rst layer being formed on a base, Wherein each 
layer comprises tWo substantially vertical lateral faces 
and a substantially horiZontal upper surface, each upper 
surface forming a base for a subsequent layer, each 
layer being formed by applying a thickness of poW 
dered starting material on the base over a surface area 
greater than that of a contour of the Workpiece being 
produced, and compacting the poWdered starting mate 
rial to form a layer of compacted starting material 
surrounded by poWdered starting material; and 

b) subjecting at least one of the tWo substantially vertical 
lateral faces to mechanical ?nishing. 

2. The method according to claim 1, Wherein the layers of 
compacted poWdered starting material are created by elec 
tromagnetic radiation or particle radiation. 

3. The method according to claim 2, Wherein the com 
pacting of each layer is performed in traces, With the trace 
Width corresponding to the sphere of action of the radiation 
beam. 

4. The method according to claim 2, Wherein the edge 
areas of the Workpiece being produced are eXposed to 
repeated radiation of the same poWder layer. 

5. The method according to claim 3, Wherein a ?rst 
radiation at high energy density is performed such that the 
sphere of action of the radiation eXtends a set distance 
inWard from the contour line of the Workpiece being pro 
duced, and a second radiation is performed outWard from the 
?rst radiation and covers the contour line of the Workpiece 
being produced. 

6. The method according to claim 1, Wherein the step of 
mechanical ?nishing of one or both of the tWo vertical lateral 
faces is performed in the surrounding poWdered starting 
material. 

7. The method according to claim 1, Wherein the step of 
mechanical ?nishing comprises a hobbing process or a 
peripheral grinding process. 

8. The method according to claim 6, Wherein the step of 
mechanical ?nishing comprises a hobbing process or a 
peripheral grinding process. 

9. The method according to claim 1, Wherein the step of 
mechanical ?nishing is applied to at least one of the vertical 
lateral faces of the uppermost layer and one or more of the 
underlying layers. 

10. The method according to claim 9, Wherein the step of 
mechanical ?nishing comprises a hobbing process or a 
peripheral grinding process. 
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11. The method according to claim 9, Wherein the step of 
mechanical ?nishing of one or both of the tWo vertical lateral 
faces is performed in the surrounding poWdered starting 
material. 

12. The method according to claim 11, Wherein the step of 
mechanical ?nishing comprises a hobbing process or a 
peripheral grinding process. 

13. The method according to claim 9, Wherein the step of 
mechanical ?nishing is applied to at least one of the vertical 
lateral faces of the uppermost layer and of each of the 
underlying layers. 

14. The method according to claim 13, Wherein the step 
of mechanical ?nishing comprises a hobbing process or a 
peripheral grinding process. 

15. The method according to claim 13, Wherein the step 
of mechanical ?nishing of one or both of the tWo vertical 
lateral faces is performed in the surrounding poWdered 
starting material. 

16. The method according to claim 15, Wherein the step 
of mechanical ?nishing comprises a hobbing process or a 
peripheral grinding process. 

17. An apparatus for the production of a Workpiece 
according to the method of claim 1, the apparatus compris 
ing: 

a) a vertically movable and substantially horiZontal Work 
table; and 

b) a vertically and horiZontally movable processing unit 
mounted over the Work surface, the processing unit 
comprising: 
i.) at least one radiation source; 

ii.) at least one guiding device for guiding a beam 
emanating from the radiation source onto the Work 
surface; and 

iii.) a processing device for the mechanical ?nishing of 
surfaces of the Workpiece being produced, 

Wherein the movement of each of the Work table, the 
processing unit and the processing device is con 
trolled by a computeriZed control unit. 

18. The apparatus according to claim 17, Wherein the 
radiation source produces electromagnetic radiation or par 
ticle radiation. 

19. The apparatus of claim 17, Wherein the guiding device 
comprises a mirror unit, con?gured such that a beam ema 
nating from the radiation device may be guided onto the 
Work table and moved according to an outer contour of the 
Workpiece being produced. 

20. The apparatus according to claim 17, Wherein the 
processing device for the mechanical ?nishing of surfaces of 
the Workpiece is a milling tool for a hobbing process. 

* * * * * 


